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© A push-pull high voltage oscillator power supply circuit includes a parallel resonant LC circuit made up of a 
capacitor in parallel with the primary of an output transformer. The output power level of the oscillator is 
controlled or adjusted by gating a drive circuit of the oscillator in accordance with an appropriate timing scheme 
so as to control the power delivered to the load over a long time period. The drive circuit is switched on and off 
so as to control the transformer primary voltage by omitting a number of drive pulses, determined by the -desired 
output pulse level, so that the oscillator seif-osci Hates and rings out with a decreasing amplitude of the self- 
oscillations, but never reaches a complete cut-off of the oscillations before the drive circuit is gated on to refresh 
the supply of energy to the oscillator. A circuit for monitoring the collector voltages of the switching transistors of 
the oscillator may be provided to inhibit the supply of drive pulses to the switching transistors when the collector 
voltages exceed a given voltage level. This limits the power dissipation in the switching transistors. 
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HIGH FREQUENCY HIGH VOLTAGE POWER SUPPLY WITH CONTROLLED OUTPUT POWER 



BACKGROUND OF THE INVENTION 



This invention relates to apparatus for generating high voltages and, more particularly, to a high 
frequency high voltage power supply with means for controlling or varying its output power 

High voltage generators or power supplies are required for various types of applications, for example, to 
energize a magnetron in a microwave oven. One such power supply apparatus is described in U.S. Pat. 
4,628,284, which issued December 9, 1986 in the name of Bruning and Fellows, the disclosure of which is 
hereby incorporated by reference. As will become apparent from the description below, the present 
invention is in some respects an improvement over the high frequency high voltage power supply described 
in that U.S. patent. The patent discloses a current-fed parallel resonant oscillator that includes a pair of 
push-pull operating transistors coupled to a parallel resonant circuit that includes a transformer having a 
center-tapped primary winding and a capacitor connected in parallel therewith. The transformer primary 
voltage is given by the following expression, 

. = v ir t 

where V pri = peak primary voltage; T = switching interval; t on = on-time of one transistor. The voltage 
envelope over a long time period (» T) is of constant amplitude. 
The power delivered to the load is then 

P ^AB 7 /i> 2 
R L 

where: 

Vab = V pri . _^s1_ ; N p1 = Npa 
N P1 

assuming idea! coupling; 

and where R L is the load resistance connected to the output terminals of the power supply. The output 
power can therecore be controlled by controlling the transformer primary voltage. 

Consumer microwave ovens generally employ a magnetron energized by a ferroresonant power supply 
operating at the power line frequency to supply microwave heating energy to the cooking cavity of the 
oven. The output power of this power supply is discontinuously controlled by means of a control circuit 
which disconnects the 60 Hz AC supply voltage in order to vary the average microwave heating power 
applied to a load in the oven cavity. In one mode of operation, the magnetron will typically be pulsed on for 
approximately one second and will be pulsed off for approximately 10 seconds. As a result, the magnetron 
heater filament is repetitively heated and cooled which produces stresses on the magnetron which reduce 
its useful life. It would therefore be advantageous to provide a means for varying the average microwave 
power applied to a cooking load in a smooth and continuous manner so as to keep the magnetron heater 
filament energized at all times during operation of the oven. The high voltage power supply described in the 
patent solves the problem by providing continuous power control using a self-sustaining power oscillator 
with inherent self regulation of its output power. 

Another apparatus for generating high voltages is disclosed in U.S. Pat. 3,417,314 which issued on 
December 17, 1968. This patent describes a high-efficiency, high voltage generator consisting of a DC 
voltage converter that includes a transistor oscillator that is gated on and off by a gating circuit so that the 
oscillations are interrupted periodically. As a result, the rms tank voltage is zero for a part of each period of 
operation of the apparatus. 
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SUMMARY OF THE INVENTION 



It is therefore an object of the invention to provide a high voltage power supply that makes it possible to 
5 " control the output power supplied to a load over a wide power range. 

A further object of the invention is to provide a simple and inexpensive power control circuit that 
eliminates certain expensive components in the known high voltage power supplies. 

Another object of the invention is to provide a controlled or variable high voltage power supply for a 
magnetron or similar type of load that supplies continuous current or power to the magnetron thereby 
70 reducing temperature fluctuations in the magnetron filament, which in turn extends the useful life of the 
magnetron. 

A further object of the invention is to provide a high voltage power supply having a low voltage, low 
current control circuit which provides a significant reduction in the cost of the circuit. 

A still further object of the invention is to provide a detection circuit that senses the collector voltages of 

is the switching transistors and disables the transistor drive circuit at a predetermined value of collector 
voltage thereby to limit the power dissipation in the switching transistors. 

In accordance with the invention, a push-pull current fed parallel resonant oscillator circuit power supply 
has been modified and improved so as to control or adjust its output power by gating the drive circuit by 
means of a timing arrangement which allows the rms voltage delivered to a load over a long time period (> 

20 T) to be controlled in a simple and inexpensive manner. This is accomplished by controlling the transformer 
primary voltage by enabling and disabling the oscillator drive circuit in accordance with a desired timing 
scheme, which may be adjusted to vary the output power, thereby allowing the oscillator LC tank circuit 
(comprising the transformer primary winding and a parallel connected capacitor) to "ring out" during the 
absence of the drive pulses. However, at no time is the drive to the oscillator circuit removed for a time 

25 period sufficient to allow the oscillations to become completely cut-off or interrupted. The voltage amplitude 
of the oscillator circuit is modulated continuously by omitting a number of switching transistor cycles so as 
to reduce or increase the amount of refresh energy supplied to the oscillator tank circuit as a function of the 
desired output power of the oscillator power supply. The rms tank voltage is never allowed to reach zero 
voltage. By varying the frequency of the drive circuit enable/disable pulses it is possible to achieve a wide 

30 range of control of the output power. The method of drive "pulse omission", in combination with the 
automatic adjustment of the drive pulse to cause a delay at turn-off of the switching transistors, makes it 
possible to control the power delivered to a load over a wide power range. 

In the case where the high voltage power supply operates a magnetron load, for example, in a 
microwave oven, better cooking results are obtained by the continuous control of power provided by the 

35 invention in contrast to known microwave ovens in which the magnetron is pulsed on and off. 

In a preferred embodiment of the invention, a detection circuit senses the collector voltage of the 
switching transistors of the inverter oscillator and, in the event the colelctor voltage exceeds a predeter- 
mined amplitude level, applies a disable signal to the push-pull drive circuit thereby preventing the 
switching of the switching transistors. This feature prevents high power dissipation in the switching 

40 transistors thereby making the apparatus more efficient. 

The invention further comprises a novel method for generating and supplying oscillatory power to a 
load in a continuous manner. 

45 BRIEF DESCRIPTION OF THE DRAWINGS 



The above and further objects and advantages of the invention will become apparent from the following 
detailed description thereof with reference to the accompanying drawing, in which: 
Fig. 1 is a schematic diagram of a preferred embodiment of the invention, 

Fig. 2 shows a set of waveforms as a function of time which are useful for an understanding of the 
operation of the circuit of Fig. 1 , 

Fig. 3 is a schematic diagram of the collector voltage sense circuit of Fig. 1, 

Fig. 4 shows voltage waveforms as a function of time which are useful for an understanding of the 
operation of the collector voltage sense circuit, and 

Fig. 5 is a diagram showing one exemplary form of drive pulse generator for use in the circuit of Fig. 

1. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 



Fig. 1 is a schematic block diagram that illustrates the principles of this new high frequency, high 
5 voltage intermittently driven self oscillating power supply apparatus. The power supply includes a current 
fed parallel LC resonant power oscillator 1 similar in construction and operation to the power oscillator of 
U.S. Pat. 4,628,284 discussed above. It includes a pair of DC supply voltage terminals 2a, 2b with the 
positive ( + ) terminal 2a connected to a center tap of the primary winding of a transformer T1 via a series 
inductor 3. Terminal 2b may be connected to ground. In one exemplary form of the invention, the DC 
70 supply voltage was 150V. A capacitor 4 is connected in parallel with the primary winding of transformer T1 
to form a parallel resonant LC tank circuit that determines the self oscillation frequency of the oscillator 
circuit. 

One end (A) of the tank circuit is connected to common terminal 2b via a series circuit consisting of a 
diode 5 and an NPN transistor Q1. A capacitor 6 is also connected between said one end A of the tank 

75 circuit and the common terminal, thus in parallel with the series circuit of diode 5 and transistor Q1. The 
other end of the tank circuit (B) is similarly connected to the common terminal via the series circuit of a 
second diode 7 and an NPN transistor Q2 and via a parallel connected second capacitor 8. The base 
electrodes of transistors Q1 and Q2 alternately receive square wave drive pulses from a push-pull driver 9. 
The operation of this inverter circuit when it is self-osciilating is analogous to that described for the oscillator 

20 circuit in U.S. Pat. 4,628.284, the disclosure of which is incorporated by reference into this application, but 
with certain modifications to be described below. 

A clock pulse generator 10 has one input connected to a start input terminal 11 which initially supplies a 
train of clock pulses at approximately the oscillation frequency of the oscillator circuit 1 in order to start the 
apparatus oscillating. As soon as the circuit reaches a steady-state oscillation condition, the clock pulses at 

25 terminal 11 are terminated. A secondary winding 12 of the transormer T1 then has a sinusoidal oscillation 
waveform induced therein by virtue of a sinusoidal oscillation voltage in the parallel resonant circuit 
comprising the transformer primary winding and capacitor 4. The induced oscillation in winding 12 triggers 
the clock pulse generator at each zero crossing of the sine wave oscillation voltage. The sinusoidal voltage 
in secondary winding 12 is applied to a second input of the clock pulse generator to trigger same to 

30 generate a train of clock pulses at the frequency of the sinusoidal voltage, i.e. at the operating frequency of 
the oscillator circuit 1 . 

Assuming 16 cycles of the sinusoidal voltage constitutes each control period, then a 0-15 count counter 
13 is provided which has one input connected to the output of the clock pulse generator 10. Of course, the 
number 16 chosen is for illustrative purposes only. The number of cycles of the sine wave in a control 
35 period will vary with the particular application of the invention and the desired degree of resolution etc. 

The outputs A2, B 2( C2, D 2 of the counter are connected to a first set of inputs of a conventional four-bit 
digital comparator 14 which also has a group of four set point (reference) inputs 15 to which is applied a 
digital signal that represents the desired power level of the load, e.g. a magnetron (not shown) coupled to 
output terminals 26a and 26b. This digital set point signal is received from the outputs A1, B1, C1 and Di of 
40 a shift register 16. 

The desired power level for the load is set into the apparatus by means of a desired set point apparatus 
27 in accordance with the following table. 
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The shift register 16 is adjusted by means .of the apparatus 27 to one of 16 possible states which are 
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represented at its output lines Ai, Bi, Ci and Di by the 16 possible digital values shown in the table. The 
digital values set into the shift register thus determines the number of ringing cycles, from 1-16, in each 
consecutive time period of 16 cycles. The greater the desired load power level, the fewer the ringing cycles 
The output *17 of the digital comparator is connected to a first input 18 of an AND gate 24 which has its 

s' output connected to a control input 25 of a drive pulse generator 19 of a type that is well known in the art. 
The output 20 of the clock pulse source 10 is connected to a second input 21 of the AND gate 24. 

Fig. 2 illustrates various waveforms in the apparatus of Fig. 1 assuming the shift register is set to apply 
4 drive pulses in each cycle thereby to allow the oscillator circuit to ring out for 12 cycles (in a 16 cycle 
control period) . Fig. 2A shows the clock pulses applied to the counter 13 and the AND gate 24. Fig. 2B 

io shows that for the assumed adjustment of the shift register, the output at line 17 of the 4-bit comparator 14 
is high for the first four clock pulses (cycles), the oscillator circuit sinusoidal output voltage at terminals 26a, 
26b is shown in Fig. 2E. As long as the output of the comparator is high, clock pulses are applied to the 
input of the drive pulse generator via the open AND gate 24. After the fourth clock pulse, the output of 
counter 13 (A 2 , B 2f C 2 and D 2 ) matches the output of shift register 16 (Ai, Bi , Ci and Dt) whereupon the 

r5 output line 17 of the comparator 14 goes low and thereby closes the AND gate 24 to the passage of further 
clock pulses at its input 21. During the next twelve clock pulses, the switching transistors Q1 and Q2 of the 
oscillator circuit do not receive any drive pulses from the push-pull driver and the oscillator circuit self- 
oscillates with decreasing amplitude for the last twelve cycles of a control period. The first pulse of the next 
control period switches the counter so that the output line 17 of the four-bit comparator again goes high to 

20 open the AND gate 24 to again pass the clock pulses. The cycle of operation described above then repeats 
itself. 

The drive pulse generator 19 alternately supplies drive pulses (see Fig. 2D) over output lines 22 and 23 
to the push-pull driver circuit 9 via a pair of NAD gates 28 and 29. The push-pull driver circuit in turn 
alternately supplies drive pulses 180° out of phase to the base electrodes of switching transistors Q1 and 
25 Q2. The switching transistors are thus turned on and off in mutually exclusive time intervals so that when 
transistor Q1 is on, transistor Q2 is off, and vice versa. Fig. 2C shows the waveform at the output of AND 
gate 24. 

In the example shown, the oscillator circuit receives four drive pulses and then is allowed to self- 
oscillate for twelve cycles. During the self-oscillation or ring out interval, the amplitude of the oscillations 

30 gradually decrease, thus reducing the average power supplied to the load. As mentioned above, the greater 
the number of ringing cycles, the lower the average power delivered to the load. A very simple and 
inexpensive technique for adjusting the load power thus is provided by the described power supply circuit. 
If it is desired to reset the power level of the load, the desired set point apparatus 27 is adjusted in 
accordance with the power table shown above. 

35 In order to limit the power dissipation in the switching transistors Q1 and Q2, a circuit 30 for sensing or 
detecting the collector voltages of switching transistors Q1 and Q2 is provided. The details of this circuit are 
shown in Fig. 3. The collector voltage sense circuit 30 is a protection circuit that is useful during turn-on of 
the switching transistors Q1 or Q2. During the ringing phase of the oscillator circuit it is possible that a 
small frequency shift of the parallel resonant circuit occurs so that the zero-crossing moment may not 

40 correspond exactly with this turn-on. The collector voltage sense circuit ensures that the transistors Q1 and 
Q2 can only be turned on when their respective collector voltage is two volta or less. The value two volts 
represents the characteristic forward drop of each transistor when the transistor is fully on. This circuit 
prevents excessive power losses in the transistors Q1 and Q2 since the circuit 30 will disable or override 
the base drive signal to those transistors whenever the collector voltage is two volts or more. 

45 The collector voltage sense circuit shown in Fig. 3 consists of a first comparator 31 and a second 
comparator 32 each of which has its non-inverting input connected to the positive terminal of a two volt 
reference source 33. The negative terminal of the reference voltage source is connected to ground. The 
inverting input (-) of comparator 31 is coupled to the collector of transistor Q2 via a terminal 34a. Similarly, 
the inverting input (-) of comparator 32 is coupled to the collector of transistor Q1 via a terminal 34b. The 

so outputs of comparators 31 and 32 are connected to respective inputs of AND gates 35 and 36, The AND 
gate 36 has a second input directly connected to the output of the clock pulse source via a terminal 37. A 
second input of AND gate 35 is coupled to the clock pulse source via an inverting circuit 38 and the 
terminal 37. 

The operation of the collector voltage sense circuit will be better understood by reference to the 
55 waveform diagrams of Fig. 4. Fig. 4A shows the sinusoidal voltage appearing between terminals A and B in 
Fig. 1 as a function of time. Fig. 4B shows the voltage waveform (V A -gnd) developed between terminal A 
and ground in Fig. 1 . Fig. 4C shows in an expanded time scale a portion of the waveform of Fig. 4B which 
occurs at the switch-over point for transistor Q1. Fig. 4 initially shows transistor Q2 on and transistor Q1 off. 
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Fig. 4D illustrates the output of the drive pulse generator and shows the switch-over when transistor Q2 is 
turned off and transistor Q1 is turned on. The optimum turn-on point is shown as ti in Fig. 4C. During the 
ringing phase *a small phase shift -t p occurs between the optimum turn-on point ti and the turn-off point t2 
of transistor Q2. As can be seen from Figs. 4C and 4D, during the small time period -t D the collector voltage 

5 Of transistor Q1 is greater than 2 V so that the collector voltage sense circuit overrides or disables the Qi -on 
signal so that transistor Q1 is held in the off state during the short period -t D that the collector voltage of 
transistor Q1 wxceeds two volts. At the isntant h the collector voltage of transistor Q1 drops below the 
reference voltage of two volts and transistor Q1 is allowed to turn on in response to the Qi-on drive pulse. 
Thus, it is seen that transistor Q1 was disabled until the voltage V A -gnd£2 V. In the manner described, 

10 switching transistors Q1 and Q2 are disabled whenever their respective collector voltages are two volts or 
higher, thereby limiting the power dissipation in each of these transistors. 

Fig. 5 shows one example of a drive pulse generator circuit that will perform the required functions of 
the drive pulse generator 19 of Fig. 1. The circuit uses two conventional integrated circuit chips TSC 426 
and TSC 427 connected as shown. This drive pulse generator circuit supplies first and second square 

75 waves 180° out of phase at its output terminals 22 and 23. 

Although the invention has been shown and described with reference to a preferred embodiment 
thereof, it will be obvious that various changes and modifications may be made therein without departing 
from the spirit and scope of the invention as defined by the appended claims. 

20 

Claims 

1. A power supply circuit with control of the output power comprising: 
a push-pull oscillator circuit including first and second switching transistors coupled to a parallel resonant 

25 LC tank circuit comprising a primary winding of a transformer coupled in parallel with a capacitor, 

a push-pull driver having first and second outputs coupled to respective control electrodes of the first and 
second switching transistors to supply thereto drive pulses approximately 180° out of phase, and 
a drive circuit including a secondary winding of said transformer for supplying the drive pulses to said push- 
pull driver, said drive circuit further comprising; a source of clock pulses controlled by said secondary 

30 winding, a digital set point device for setting a desired output power level of the power supply circuit, and a 
comparison device coupled to said clock pulse source and said digital set point device for enabling and 
disabling the supply of drive pulses to the push-pull driver as a function of the setting of said digital set 
point device whereby in a given time interval the oscillator is allowed to self-oscillate for a number of cycles 
of the output voltage as determined by said setting. 

35 2. A power supply circuit as claimed in Claim 1 , further comprising a voltage detection circuit coupled 
to a collector electrode of at least one of said switching transistors and responsive to the collector voltage to 
derive an inhibit signal that disables operation of said push-pull driver at a given voltage level of the 
collector voltage. 

3. A power supply circuit as claimed in Claim 2, wherein said detection circuit comprises: 

40 first and second comparators having first inputs coupled to respective collector electrodes of the first and 
second switching transistors and second inputs connected in common to a source of reference voltage that 
determines said given voltage level, and 

a logic circuit controlled by outputs of said first and second comparators, and wherein said power supply 
circuit further comprises: 

45 a gate circuit controlled by said detection circuit logic circuit so as to control the supply of drive pulses 
from said drive circuit to the push-pull driver. 

4. A power supply circuit as claimed in Claim 2, wherein said drive circuit further comprises: 
a counter controlled by the output of the clock pulse source, 

a register controlled by the output of the digital set point device, 
so means coupling outputs of said counter and said register to inputs of said comparison device, and 

an AND-type logic circuit having first and second inputs coupled to an output of the counter and an output 
of the comparison device, respectively, and an output for supplying the drive pulses to the push-pull driver 
under control of said comparison device. 

5. A power supply circuit as claimed in Claim 1 , wherein said drive circuit further comprises: 
55 a counter controlled by the output of the clock pulse source, 

a register controlled by the output of the digital set point device, 

means coupling outputs of said counter and said register to inputs of said comparison device, and 

an AND-type logic circuit having first and second inputs coupled to an output of the counter and an output 

6 



EP 0 389 047 A2 



of the comparison device, respectively, and an output for supplying the drive pulses to the push-pull driver 
under control of said comparison device. 

6. A power supply circuit as claimed in Claim 1, wherein said transformer comprises a further 
secondary winding for supplying sinusoidal power to a load device. 
5 ' 7. A power supply circuit as claimed in Claim 6, wherein said load device comprises a magnetron. 

8. A method of generating and supplying an adjustable power level to a load comprising: 

generating in an oscillation device a high frequency oscillatory voltage from a source of DC voltage, 
supplying drive pulses to the oscillation device, 

disabling the supply of drive pulses to the oscillation device as a function of the desired output power level 
to to the load in a manner whereby a self-oscillation voltage of decreasing amplitude is generated, and 

enabling the supply of drive pulses to the oscillation device before the self-oscillation voltage decays to a 
zero voltage level. 

9. A method as claimed in Claim 8, wherein the oscillation device includes at least one switchable 
transistor having a collector, 

is said method further comprising: 

inhibiting operation of the oscillation device when the collector voltage of said transistor exceeds a given 
voltage level. 
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© High frequency high voltage power supply with controlled output power. 



© A push-pull high voltage oscillator power supply 
circuit includes a parallel resonant LC circuit made 
up of a capacitor in parallel with the primary of an 
output transformer. The output power level of the 
oscillator is controlled or adjusted by gating a drive 
circuit of the oscillator in accordance with an appro- 
priate timing scheme so as to control the power 
delivered to the load over a long time period. The 
drive circuit is switched on and off so as to control 
the transformer primary voltage by omitting a num- 
ber of drive pulses, determined by the desired out- 
put pulse level, so that the oscillator self-oscillates 
and rings out with a decreasing amplitude of the 
self-oscillations, but never reaches a complete cut- 
off of the oscillations before the drive circuit is gated 
on to refresh the supply of energy to the oscillator. A 
circuit for monitoring the collector voltages of the 
switching transistors of the oscillator may be pro- 
vided to inhibit the supply of drive pulses to the 
switching transistors when the collector voltages ex- 
ceed a given voltage level. This limits the power 
dissipation in the switching transistors. 
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